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AsSignee : Minebea Co., Ltd.
United States Patent
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Fig. 1.1 The dlaraCteriZ:atiOn of RB ceramics as an ec0-material
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 Capable of being driyen
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Fig･ 2･l ManufacturiJIg Process Of RB ceramics (Injection moldiJlg type)
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Table 2.1 Condition of injection molding
lnjectjOnpreSSure 彦?ﾇFVﾗ?&?ﾅvR?yclitime ?免ｦ襷W'FVﾗ?&GW&R?ackpresSure 
P.MPa ?｢?簫?,S ?｢ﾈ??,MPa 
8.ll ?sR?6 涛?0.8 


























Fig･ 2･5　SEM images ofRB ceramics (Press forming type)
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Fig. 2.7　Weight percentage of detected atoms of RB ceramics (Injection molding type)
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めにFig. 2.11に従来型RBセラミックスのラマンスペクトル, Fig. 2.12に圧縮成形
型RBセラミックスのラマンスペクトル, Fig. 2.13にRBセラミック粒子のラマンス
ペクトルを示す.
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Fig･ 2･ll Raman spectra of RB ceramics (Original type)
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Fig･ 2･13　Raman spectra ofRB ceramics particles
Table 2･2　D and G peak position and IGnJ) ratio of various types ofRB ceramics
Specimen ?&6W&??2?Bceramics ?&6W&??2?BcerarnicS 
(叫○ctiOnmOldingtyp○) 嫡?没匁?G?R?(PreSsforTTlingtype) ??F?ﾆU2?
Dbandpeak positionICm-1 ?3Sr?350 ?3Sb?351 
Gbandpeak position.cm-1 ??モ?586 ?Sコ?582 























2.15に従来型RBセラミックス, Fig. 2.16に圧縮成形型RBセラミックス, Fig. 2.17
にRBセラミックス粒子のX線回折図形を示す.また参照として, Fig. 2.18に天然黒
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Fig･ 2･18 X-ray diffraction pattern of natural graphite
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本実験では水銀ポロシメーター(Thermo Finnigan社製, pascal 140&440型)を
用いた.液体水銀の表面張力は温度依存性が小さいので,本研究では480Pa･mとした.
また接触角は141.30　とした.
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Fig. 2.22　The rehtionship between cuntlhtive volume and pore diameter
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Table 2.3　Pore siZ:e distribution of various types of RB Cemmics
RangeOfpOre ????0.~01. ???1. ?ｦ??
diame帖r ???ﾓ?ﾂ?.一〟m ?ｨx??麸〟m ??x??
RBceramicS tlnjecti○nm○ldingtype) ?rR?2% 唐R?% ?R?
RBceramics (Orjginaltype) ?RR?1% ?rR?4% ?R?
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ElaSticmodulus E,GPa ?B??.33 免ﾂ縒?
C〇mpreSSiv○Str○ngth qc,Mpa ?S偵2?5.5 ?s"絣?
PoisSon'Sratey ??R?.3 ???
VickershardneSs 〃V.GPa ??r?.92 ??b?
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Fig. 3.1 0ver･view of什iction apparattISeS
3.2.3　美浜条件
摩擦試験における実験条件をTable 3. 3に示す.
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Hertzian maximum contact pressure Pmax I MPa
Fig･ 3･2 The relationship between Herbian maximum contact pressure atLd什ictiotL
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Fig. 3.4 The rdatioJIShip between Hertz:ian maximum contact pressure and什iction
coefrICieAt Of RB ceramics (Press forming type)
3.3.1.2　摩擦係数とすべり速度の関係
Fig. 3.5に射出成形型RBセラミックスの摩擦係数とすべり速度の関係を示す.
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Fig･ 3･5 The relationship between sliding velocity andかiction coeWICieAt Of RB
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Fig･ 3･7 The relationship between sIjdi皿g Velocity and fdctioA COeWlcient of RB
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Fig･ 3･8 The代lationship between Hertz:ian maximutb Contact PreSStlre and specirIC






















//拡批班の /%J ///-シ 劔 ?&6W&??2??W76f?ﾖ匁wG?R?
( ? 
Bceramics lnjectionmoldjngtype) I 
0.1　　　　　　0.2　　　　　　　0.3
Friction coe什icient 〟
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Slidjng velocity v, mls
Fig. 4.1 The relationship between sliding velocity andかiction coeWICient of RB
ceramics (IAjectioA molding type) Sliding against AI203 ball
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Fig. 4.2　Thc relationship bctwcen slidiJIg Velocity and friction coeWICient of RB














Sliding velocity v, mIs
Fig. 4･3　The relationship between sliding velocity and什ictiotL COeWICicTLt Of RB
ceramics qnjection moldiJIg type) against StJS304 ball
4.3.2　摩耗試鼓
4.3.2.1プレート試鉄片の比摩耗量とすべり速度の関係
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Sljding velocity v, mrs
Fig･ 4･4　The relationship between sudiAg Velocity and specirIC Wearrate Of RB


















SIiding velocity v, m/S
Fig･ 4･5　The relationship between Sliding velocity and specific wearrate of RB
ceramics qJLjectioA JnOlding type) sliding against StJJ2 ball
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Fig･ 4･6　The relatioJIShip between sliding velocity and specirIC Wearrate Of RB
ceramics qtLjection moldiJIg type) sliding agaiJISt StJS304 ball
4.3.2.2　ボール試廉片の比摩耗量とすべり速度の関係
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Fig. 4.7　The relationship between sliding velocity and specirIC Wearrate OfAl203 ball
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Fig. 4.10 0pticalmicroscope images of ball specimens otL the conditioTL Of low sliding




1 000　1 200　1 400　1 600　1 800　　2000
Raman shift, crrrl
Fig. 4.ll RaJnan SPeCtra Ofworn surface ofAl203 ball
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Fig. 4.12　Ranan spectra of worn surface of StJJ2 ball
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Fig. 4.14 The relationship between什iction coeWICient and specific wearrate of RB














































Table 5.1 Mechanical properties of phte specimens
PlateSpecimen ?&6W&?ｦ52?ﾆ讎V7F柳贍?F匁wG?R?Bronze 
DenSityp'g/cm3 ?紊?7.40 
EJaSticmodLJluS E,GPa ?B??8.0 
CompreSsjyestrength qc,NPa ?S偵2?23 
__P○iS$On'Srat○γ ??R?.25 
VickershardneSsHv,GPa ??r?.62 
Maximumheight Ry,pm ??B?.32 







Table 5.3　Density and kinetic viscosity of oil
Oi一 儉owviScoSityoil 陪没㌶?6?宥柳鳴?
DenSityplg/cm3 ?.868 ?繝c?
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Fig･ 5･l The relationship between Hertz:ian maximum contact prcssurc and frictiotL
coefrICient of RB ceramics (Injection molding type) (V =0･002m/S)
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Fig･ 5･2 The relationship betweeTI Hertz:inn maxitnum contact pressure and friction
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Fig･ 5･3 The relationship betwccn Hertzian maximum contact pressure and friction
cocfrICient of RB ceramics (hjection molding type) and Bronze (V =0.002m/S)
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Sliding velocity v, mls
Fig. 5.5　The relationship between sliding velocity and frictiotL COefrICicnt of RB
ceramics (Injection molding type) (W -0.49N)
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Sliding velocity v, mIs
Fig. 5.6　The relationship between sliding velocity and friction coeWICient of RB
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Fig. 5.7　The rehtionship bctwcen sliding velocity and friction coeWICient of RB






















Sliding velocity v, m/S
Fig. 5.8　The relationship between sliding velocity and friction coefrICicnt of RB
































Bearlng Characteristic number G
Fig･ 5･10　Schetnatic diagrams of the relationship between bearing characteristic
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Fig･ 5･ll The rehtioAShip betweetL bea血g Characteristic number and fdctioA
coeWICient of RB ceramics (InjectioA molding type) and BroA2:e


















































Table 6.1 Mechanical properties of disk specimen and ball specimens
Diskspecimen 傳aHSpecimen 
Specimens ?&6W&??2?LCcoatjng ?ﾇVﾖ匁?SUS304 ?T｣"?
RadiuSOfcurvatureR,mm ? 釘? 釘?
DenSityp,Mg/m3 ??b??纈?.86 途纉?
COmpreSSiveStrengthq,MPa ?s"絣?? ?
ElaSticmoduluSE,GPa 免ﾂ縒?70 ?C2?06 ?途?
･POiSSOn■SratjOt) ?????2?.3 ???
VickerShardnessFN,GPa 迭?2?0 ??1.96 途經?
RoughnessRa,′一Tl ?繧?.005 ??2?.14 ??2?
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Wear coefficient K (=VHvJWL)


















































NOrmaHOad:Who.49N,1.96N⊥1. 劔96NO.5m/S Slidingyelocity=V!0.1mIS,0.5m/S+0,4 劔9NO,1m/S 
-Fuu.mdbcear.iO.fnrecp.end.ti.?.anS謁9,,e=Wooocyc■e8.-..+1.96NO.1mls 
SurfacetemperatureOfdiskSpecimen:T=20℃ 劔 
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Number of repeat passage 〟 , cyc一es
(b) T-so℃
Fig. 6.4　The relatioJIShip betweeJl number of repeat passage and friction cocfrLCient








Normalload: 錨ﾆｴ?C披ﾃ?電?ｳ???NO.5m/S SJidiqvelocity=y;0.1mls,0.5m/S+0.4 劔9NO.1m/S 






Number of repeat passage 〟 , cyc一es
(C) T=100℃
l一ll 
Disk:RBceramicS Ball:Alumina,"".+0.4 劔9NO.SmIS..". 








Number of帽Peat Passage 〟 , Cycles
(d) T=150℃
Fig･ 6･4　The relationship between number of TYpeat Passage and friction coefrICient





Disk:RBceramicS .Ball:Alumina-".+0. 劔49NO.5m/S-.. 
Normalload: 倚??紊狽ﾃ?電?ｳ??96NO.5m/S 








Number of repeat passage N , cycles
(e) T-200℃
Fig. 6.4　The relationship between number of repeat passage and friction coefficient














Number of repeat passage N , cycles
(a) T-20℃









Number of repeat passage N , cycles
(b) T-so℃
Fig. 6.5　The relatiotLShip betwcctL number of repeat passage and friction coeWICicnt
















Number of repeat passage : N=1 000cycles
Lubrication condition : Dry
Surface temperature of disk specimen : T=150℃
0　　　　200　　　　400　　　　600　　　　800　　　1 000
Number of repeat passage 〟 I Cyc一es
(d) T-150℃
Fig･ 6･5　The rdationship between number of repeat passage and friction coeWICicnt












Number of repeat passage 〟 , cyc一es
(e) T-200℃
Fig･ 6･5　The rehtionship between number of repeat passage and friction coefrICient


















Su血ce temperature of disk specimen T1 ℃
(b) DLC coating
Fig･ 6･6　The relationship between surface temperature of disk specimen andかiction




























Disk:RBceramics .Ball:SUS304,..-.+0. 劔49NO.5m/S-- 
NOrmallOad:W=0.49N,1.96N⊥1.9 劔6NO.5m/S 
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Number of帽Peat Passage 〟 , Cyc一es
(b) T=50℃
Fig. 6.7　The托1ationship between number of repeat passage and什iction coefrICieJlt








Disk:RBceramics ･EbH:SUS304......+0.4 劔9NO.Sml8-- 
N○rma‖○ad:仙巨o.49N,1.96N一一｣1.9 劔6NO.5m/S 
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Number of帽Peat Passage 〟 , Cyc一es
(d) T-150℃
Fig･ 6･7　Thc relationship between number of repeat passage andかiction cocWICient





Disk:RBceramicS ･Ball:SUS304"".+0.4 劔9NO.Sml8-- 
NormaJload: 不ﾓ?C披ﾃ?電?ｳ???NO.5mf8 








Number of帽Peat Passage 〟 , Cycles
(C) T=200℃
Fig. 6.7　The relationship between number of rcpcat passage and friction coeWICient
of RB ceramics sliding against SUS304 ball
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Number of repeat passage N , cycles
1000
(d) T=150℃
Fig･ 6･8　The relationship between number of repeat passage and fdction coeWICieJlt












Number of repeat passage 〟 , cycles
(e) T=200℃
Fig. 6.8　The relationship between number of repeat passage and friction coefrICient
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Ball:SUS304 
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Su血ce temperature of disk specimen T; ℃
(b) DLC coating
Fig. 6.9　The relationship between surface temperature of disk speciJnen and friction
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Number of repeat passage N , cycles
(b) T-so℃
Fig. 6.10　The relatioJIShip between number of repeat passage and friction coeWICient
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Number of repeat passage 〟 , cyc一es
(C) T=100℃
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(d) T-150℃
Fig･ 6･10　The relationship between number of repeat pssage and friction coeWICient
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Number of帽Peat Passage 〟 , Cyc一es
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Fig. 6.10　The relationship bctwecn number of repeat passage andかiction coefrICient











SIiding velocjty : V=0.1 mls
Number of repeat passage : 〃=1 000cycles
Lubrication condition : Dry
Surface temperature of disk-specimen : T--20℃
0　　　　　200　　　　400　　　　600　　　　800　　　1 000











Number of帽Peat Passage 〟 , CyCteS
(b) T-so℃
Fig･ 6･11 The relationship between number of repeat passage and friction coeWICient
of DLC coating sliding against SUJ2 ball
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Number of repeat passage N , cycles
(e) T-200℃
Fig･ 6･11 The relatiotIShip between number of repeat passage and什iction coefrICient









Disk : RB ceramics
Ball :SUJ2
NormaHoad : W=0.49N,1.96N
Sliding yelocjty : vt0.1 mls,0.5m18
Number of repeat paSSage : N=1 000cycLeS
Lubrication condition : Dry
0　　　　　　50　　　　　100　　　　1 50　　　　　200　　　　　250










Surface temperature of disk specimen T, ℃
(b) DLC coating
Fig. 6.12　The rehtionship between surface temperattLre Of disk specimen and friction

















































ーvS.Alumina I+vs.SUS304 -vs.SUJ2 J 
0　　　　　　50　　　　100　　　　1 50　　　　200
Surface temperature of disk specimen T, ℃
(b) DLC coating
Fig･ 6･13　The relationship between surface temperature of disk specitnen
and specirlC Wearrate Of RB ceramics and DLC coating
sliding against alumina, StJS304 aJld StJJ2 balls
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Surface temperature of disk specimen T, cc
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Fig･ 6･14　Thc rdatiotLShip between surface temperature of disk specimen

























J)J8k : FIB ooramlcs
Ball : NL.m hla,SUS304,SUJ2
Normal 一oad : VP=0.49N,1.96N
Slldhlg VOlodty : V=0.1 rnls,0.5m18
Number of reped paMgO : N=1000cyclos







Surface temperature of disk specimen T, cC
Fig･ 6･15　The relatioJIShip between surface teJnPerattlre OE disk specimen aAdかiction
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Fig･ 6･16　The relationship betweeJI Surface temperattLre Of disk speciJneA andかiction








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































800 1000 1200 1400 1600 1800　2000
Raman shift, cm-1







1 200　　1400　　1 600　　1 800.　2000
Raman shift , cm･1
(a)Alumina
1 000　　1 200　　1 400　　1 600　　1 800　　　2000
Raman shift , cmll
0)) SUS304
1 000　　1200　　1400　　1 600　　1 800　　　2000
Raman sMfL , cm-1
(C) StJJ2
Fig･ 6･20　Rathan SPeCtra OIwomL Surface ofbaII specinetLS
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Fig. 6.21 Raman spectra of worn surface of ball specimeJLS
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Fig･ 6･22　Ratnan spectra ofwornSurface ofDLC coatiJlg



















Surface temperature of disk specimen T, cC
Fig. 6.23　The relationship between surface tenperattlre Of disk speciJnen and
R valuePDnG ratio) of traJISferred瓜IJn On alumina, StlS304 and SUJ2 blls
sliding against RB ceramics
(9lPl;)OnJt2^tJ
50　　　　1 00　　　　1 50　　　　200
Surface temperature of disk specimen T, cc
250
Fig. 6.24　The relationship between Surface temperature of disk specimen
aJLd R valuePDnG ratio) of weartracks of DLC coa伽g




































Fig.6.25　Sdlematic diagram of generation of decrease or increase OfかictioJl
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Fig･ 6･26　Thc relatioASbip between number of repeat passage and friction coeWICicnt
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Fig･ 6･27　The relationship between number of rypeat passage and friction coeWICient
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Fig･ 6･28　The relationship betwee-umber of repeat passage and什iction coefrlCient
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